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a pronounced change has occurred in the char
acter of the traffic tiiat is now being carried by 
many highway routes. While gasoline and 
rubber shortages have materially reduced the 
volume of passenger car traffic, wartime 
transportation demands have caused an 
increase in bus and truck traffic. Particularly 
in the case of trucks, more vehicles are using 
the highways and heavier loads are being 
carried. 

Accordingly, some of our pavements that 
were never intended to be expenmental proj
ects are actually proving to be just that, in the 
sense that they are undergoing a certain degree 
of accelerated loading test by reason of this 
unexpected increase in the volume and weight 
of wartime truck traffic. Whether due wholly 
to this over-loading or to a combination of 
causes, the fact is that some of these pavements 
are showmg signs of structural weakness far 
ahead of their time, instances having been 
reported where new concrete pavements built 
under wartime restrictions have, under war
time traffic, developed senous breakage after 
havmg been m service less than six months. 

Undoubtedly, there are valuable lessons to 
be learned from those cases where definite 
indications of premature failure have occurred. 
I f inteUigent conclusions are to be deduced 
therefrom, i t is essential that all pertinent 
information as to design and construction 
details as well as subgrade, traffic and climatic 
conditions be adequately recorded while the 
data are still fresh and readQy obtamable 

Any pavement that fads prematurely or acts 
in an unpredictable manner, if carefully ob
served so that the causes of its behavior can 
be intelligently analyzed, is potentially a 
research project, whether i t was originally 
intraided to be such or not. The important 
thing, therefore, is to realize that sudi cases 
that do occur—deplorable as they are because 
of the economic loss mcurred—can be made to 
serve as a valuable research windfall provided 
we take advantage of the opportumty of mak
ing every effort to determine the ful l signifi
cance of such premature failures and not 
consider them merely as unfortunate happen
ings to be charged off as inevitable wartime 
casualities. 
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SYNOPSIS 
In the fall of 1938 a number of experimental sections of reinforced concrete 

pavement were constructed near Stilesville, Indiana, on U. S. Route No 40 as a 
cooperative research project Since that time frequent detailed observations 
have been made to obtain a record of the performance of the various sections 
This report, in presenting a 5-yr history of the behavior of the pavement is di
vided into 4 parts in which are discussed: (1) periodic elevation changes of the 
sections, (2) daily, annual and permanent changes m length of the sections; (3) 
development, distribution and present condition of cracks in the sections; (4) 
data pertaining to four 500-ft special sections in which weakened-plane joints are 
spaced at 10-ft intervals 

The data obtained during the 5-year period shows that: (1) changes in pave
ment elevation have been generally small and non-uniform and there is nothmg 

> Condensed. A complete report of the data will be published in Public Roads. 



36 DESIGN 

to indicate that these changes have affected the length changes and the crack pat
terns of the sections, (2) excepting the very short sections, daily and annual 
changes in section length are not directly proportional to length of section; (3) 
the magnitude of the restraint offered by the subgrade is a function of the time 
in which a given temperature or moisture change occurs in the pavement, (4) 
maximum tensile stresses originating from subgrade restraint develop dunng the 
late summer and fall ; (6) frequency of cracking increases with increase in section 
length; (6) surface appearance of cracks is a function of width and crack width 
decreases with increase in amount of longitudinal steel, (7) all of the cracks have 
remained so tightly closed that they have httle if any structural significance. 

This is the third report descnbmg a co
operative study of the effects of longitudmal 
reinforcement in an experimental concrete 
pavement Preceding reports of this investi
gation, which is bemg conducted by the Public 
Roads Administration and the State Highway 
Commission of Indiana have presented the 
scope of the study and the construction of 
the experimental sections', and the develop
ments and trends that became evident dunng 
the first 2 years after construction'. The 
present report traces the behavior of the pave
ment throughout its 5-year life 

The reader is referred to the precedmg re
ports for detailed information on the design 
features, strength data, subgrade characteris
tics and schedide of observations Briefiy, 
the design covers a range of section lengths 
varying from 20 to 1310 f t . and a range in the 
type and amount of longitudinal reinforcement 
varymg from 019 m. diameter cold drawn 
wires (No. 6) at 6-in. centers to 1-in. diameter 
rad and billet steel bars at 6-in. centers In 
addition to the regular sections, that is, the 
sections containing continuously bonded steel, 
foiu- special 500-ft. sections were included in 
which weakened-plane joints were spaced at 
10-ft. intervals and the bond between the steel 
and concrete broken for a distance of 18 in 
on each side of each joint 

The expenmental pavement was con
structed in the fall of 1938 as a part of the 
transcontinental highway U. S. 40. Since 
that time frequent detailed observations have 
been made to obtain a record of the perform-

' Experiments with Continuous Reinforce
ments in Concrete Pavements," by Earl C. 
Sutherland and Sanford W Benham. Proceed
ings, Highway Research Board, Vol 19, 1939, 
aiBoPvbhc Roads, Vol 20, No 11, January 1940. 

' "Progress in Expenments with Continuous 
Reinforcement in Concrete Pavements," by 
Harry D Cashell and Sanford W Benham. 
Proceedings, Highway Research Board, Vol. 20, 
1940, alsoPtibJtcBoads,Vol 22, No 3, May 1941. 

ance of the various sections. This report, in 
presenting a 5-year history of the behavior of 
the pavement, is divided mto four parts m 
which are discussed: (1) periodic elevation 
changes of the regular sections; (2) daily, an
nual and permanent changes in length of the 
regular sections, (3) development, distribu-
ticHi and present condition of cracks in the 
regular sections; and (4) data pertaining to tiie 
500-ft special sections. 

PAVEMENT ELEVATIONS DETEBMINED 

During the 5-yeai period three sets of precise 
elevation measurements have been made over 
the entire length of the experimental pavement 
and supplemental measurements have been 
obtained at more frequent intervals over 
selected sections. 

The data show that the elevation changes 
of the regular sections have been nommiform 
and small m magnitude. A t the end of the 
first year only 7 per cent of the 487 mid-lane 
locations at which measurements were made 
showed a change in elevation greater than ±i 
in. when compared with the base elevations 
estabhshed soon after construction of the sec
tions A t the end of 5 years observations of 
representative sections of the pavement indi
cated that the elevation changes were still 
relatively small although of greater magmtude 
and nonuniformity than they were at the end 
of the first year. During the peak of the 
severe winter of 1939-40, when the frost had 
penetrated to a depth of approximately 20 
in , increases in elevation were generally within 
the range of 0 2 to 10 m. when compared with 
the elevations determined the previous fall. 
Moreover, heaving was, in most instances, 
greater at the expansion joints than at pomts 
elsewhere in the sections Specifically, the 
average heavmg was 0.47 in at 151 expansion 
jomts and 0 33 in. at 185 pomts elsewhere in 
the sections. 

To graphically summarize. Figure 1 was 



CASHELL AND BEN HAM-CONTINUOUS REINFORCEMENT 37 

prepared from the changes in elevation that 
were determined from time to time at the 
centers and at the ends of 24 representative 
sections, using as a base the elevations estab
lished shortiy after construction of the sec
tions. Thus the elevation changes shown for 
the center and for the end of the section are 

F. and a daily mid-depth pavement tempera
ture rise of 30 deg. F The data for this figure 
were obtamed from 64 sections which cover 
the range of section length for all sizes of steel 
for each of the three types of reinforcement. 
The slope of each lightweight line is in each 
case the slope computed from the change in 
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Figure I . Changes In Elevation Of The Center And End Of Selected Sections With Respect 
To Time, Average Of 24 Sections 

respectively the average change in elevation of 
the 24 centers and of the 48 ends of the repre
sentative sections. This figure not only indi
cates, for each observation, the positions of 
the center and end of the average section with 
respect to then: base elevations but suggests 
the direction and magnitude of warping that 
was present. 

Bnefly, the elevation changes for each ob
servation of the average section were small in 
magnitude, even for the severe winter of 
1939-40 and, with the exception of the wmter 
of 1939-40, greater at the center than at the 
end. This last characteristic seems to mdicate 
a permanent downward warpmg at the end of 
the section with respect to its center. On the 
whole the pavement has raised with respect to 
the base elevations. 

CRANOBS I N LENQTHS OF SECTIONS MEASURED 

Daily, annual and permanent changes in 
length were measured at the ends of a number 
of representative sections. Before presenting 
the results of this study, attention is called to 
the fact that the joints were designed to care 
for a reasonable amount of expansion and con
traction of the long sections and, as far as can 
be ascertained, the length changes of the vari
ous sections have been unaffected by confine
ment at the joints. 

In Figure 2 are shown the relationships be
tween section length and change in section 
length that were found to exist for a daily mid-
depth pavement temperature drop of 24 deg. 
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Figure 2. Relation Between Section Length 
And Dally Change In Length 

length of 19 uncracked sections, 20 to 60 f t . in 
length, and thus represents the relation for 
short sections that are comparatively free to 
expand and contract. 

I t is apparent from this figure that sections 
up to approximately 75 f t . in length move with 
as mudi freedom as the very short sections. 
The change in length of sections greater than 



38 DESIGN 

75 f t . is restrained by the subgrade and this 
restraint, the effect of which is shown as de
parture from the relation established from the 
short sections, increases rapidly as the sections 
become longer. After 760 to 850 f t . is reached 
the curves become horizontal thereby indicat
ing that sections whose lengths are greater 
than 750 to 850 f t have lengtii changes of the 
same magnitude This condition suggests 
that the central portion of sections greater 
than 750 to 850 f t . is completely restramed for 
quick changes m average concrete temperature. 

changes shown are approximately the maxi
mum for the annual cycle. The slopes of the 
lightweight hnes represent respective annual 
relations determmed from 19 uncracked short 
sections. 

I t is shown by the four curves of Figure 3 
that sections up to approximately 150 f t . in 
length apparentiy move with as much freedom 
as tiie very short sections. The length changes 
of sections greater than 150 f t . are restrained 
by the subgrade and this restnunt progres
sively increases with increase in section length. 
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Figure 3. Relation Between Section Length And Annual Expansion 

Figure 3 presents the annual changes m 
length for the first, second, third and fifth 
years of the hfe of the pavement The annual 
change in length of a section was computed 
from data obtamed in the mommg of a mid
winter day and in the afternoon of a midsum
mer day and, consequently, includes the 
length change that occurred between the 
mormng of a wmter day and the morning of 
a summer day plus the daily length change 
that occurred between the morning and after
noon of the aforementioned summer day. 
Smce an effort was made to obtain these 
data during the coldest period of winter and 
the hottest period of summer, the length 

The curves of this figure not only mdicate 
the order m which the sections expanded in 
relation to unrestramed sections, but also show 
that the sections were able to expand more 
freely each succeedmg year. Specifically, the 
length change of the 1310-ft section for the 
first year was only 41 per cent of the expected 
length change of an unrestrained section This 
percentage value for the second, third and fifth 
years respectively increased to 53, 61 and 62 
per cent. Thus i t appears that the sections 
encoimtered less subgrade resistance each suc
cessive annual expansion period until, by the 
end of the third penod, a condition of stabihty 
was attained 
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Comparison of the daily and annual length 
changes of comparable-length sections indi
cates that the magnitude of the restraint of
fered by the subgraide is a function of the time 
m which a given temperature or moisture 
change occurs m the pavement. Evidence 
supporting this statement is presented in 
Figure 4. This figure shows the observed 
changes in length of the sections that occurred 
between the morning of a day m February 
when the mid-depth pavement temperature 
was 32 deg. F. and the morning of a day in late 
June of the same year when the mid-depth 
pavement temperature was 77 deg. F and 
thus shows the comparative freedom with 
which sections of all lengths expanded under a 
slowly developed temperature rise of 45 deg 
F. These observations w ^ made during the 
third year of the life of the pavement, at which 
time stabihzation of annual movement had 
developed. 

I t is apparent that sections up to 900 f t long 
expanded as freely as the short sections, while 
sections greater in length than 900 f t could be 
restrained but littie and may also have ex
panded freely, dependent upon their state of 
restraint in February. The exact state of 
restramt of the various sections is not known 
at the time of the February observations but i t 
seems safe to conclude that the sections were 
either unrestramed or restrained in such a 
manner that they were longer than equivalent-
length, free-movmg sections. I f the first of the 
two conditions is true and, provided that the 
segments of the fractured sections do not ex
pand and contract about their individual 
centers, i t follows, therefore, that the sections 
must change in length an amount equal to the 
change in length of correspondmg free-moving 
sections m order to be m a free state themselves 
onthemormngof the June day I f the second 
condition of restraint is true, then the sections 
to be free in June need change in length less 
than the length change of correspondmg free-
movmg sections by the amount that they were 
unduly extended at the time of the initial 
measurements 

The manner in which the sections expanded 
from February to June suggests that subgrade 
resistance did not accumulate from wmter to 
summer and, as a consequence, residual com
pression was probably nonexistent in the 
sections of the lengths mcluded in this study 
on the morning of the June day when the pave

ment temperature was 77 deg. F. As a matter 
of fact, evidence indicates that a sbght amount 
of tension was present in sections ranging be
tween 200 and 900 f t . in length. 

In the light of the knowledge gamed in this 
study, i t seems logical that as summer ad
vances and the mean pavement temperature 
gradually rises the sections expand to their 
maximum nnniml length without developing 
appreciable residual compression. Then m 
the late summer or early fall the comparatively 
large, sudden drops in temperature cause com
paratively large direct tensile stresses to be 
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developed in the sections, larger probably than 
at any other period during the year 

To evaluate growth or permanent change in 
length, measurements are being made every 
February and August at the ends of a number 
of selected sections The February observa
tions are obtained when the mid-depth pave
ment temperature is 32 deg. F. and the August 
observations when the mid-depth pavement 
temperature is 92 deg. F The effect of mois
ture variations is reduced to a minimum since 
the moisture content of the pavement remains 
virtually constant during February and 
August, at which times the annual maximum 
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and minimum quantities of absorbed moisture 
are respectively present in the concrete. The 
results of these observations are shown in 
Figure 5, plotted with respect to the initial set 
of measurements obtained in February 1939. 

Considering the sections in order of length 
i t is observed that the short, uncracked sec
tions, which comprise 340 f t . of pavement and 
are free to expand and contract, show no 
definite indication of a permanent change in 
length either for the February values (circles) 
or for the August values (crosses). The be
havior of the 140-ft. section practically coin-

surprising. This phenomenon not only im
plies that the initial widths of the cracks are 
extremely fine but also demonstrates that the 
steel reinforcement prevents progressive open
ing of the cracks. 

C R A C S F O B M A T I O N O B S E R V E D 

Four crack surveys have been made over the 
ful l length of the experimental pavement. 
The first survey was made shortly after the 
sections were placed and subsequent surveys 
were conducted at the end of the first, third 
and fifth years. Furthermore, during the first 
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OBTAINED IN AUaUST OF EACH YEAR WHEN THE MID-DEPTH 
PAVEMENT TEMPERATURE WAS 9 2 ' F 

Figure 5. Annual Variations In Section Length Expressed As Unit Changes In Length From A 
Base Reading Of Februaxy, 1939 

cides with that of the short sections The 
335-, 600-, 1070- and 1310-ft. sections show a 
progressive increase in expanded lengths each 
August but every succeeding February they 
return so closely to their base length of Febru
ary 1939 that, up to the present time, perma
nent growth is not manifested. The fact that 
these sections show progressive increase in 
theii lengths each annual expansion period 
merely substantiates previous evidence that 
restraint ofTered by the subgrade becomes 
less from year to year. In view of the many 
transverse cracks that have occurred in the 
long sections, the manner in which these sec
tions return to their base length is rather 

three years of the life of the pavement, addi
tional crack surveys were made at more 
frequent intervals over representative sections. 
I n every survey the surface of the sections was 
subjected to intensive examination for the 
purpose of detectmg all cracks that were visible 
to the eye. 

Figure 6, traced from the crack survey 
sheets, pictures the number and position of the 
cracks that have developed in typical sections 
durmg the S-jrr life of the pavement This 
figure includes data obtained in nine surveys 
over short sections containing three different 
weights of wire fabric reinforcement, interme
diate-length sections reinforced with 
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diameter steel and long sections reinforced 
with 1-in diameter steel. 

I t IS mdicated that short sections are com-
pai-atively free of cracks. Specifically, at the 
end of five years only 20 per cent of the 154 
short sections whose lengths are 120 f t . or less 
were found to be cracked. However, aa the 
sections increase m length cracking becomes 
more prevalent until m the central portion of 

of the cracks at the pavement's upper surface 
i t was observed that those in the ̂ o r t sections 
containmg the relatively hght weights of 
welded fabric are typical of the cracks found in 
jcomparable reinforced pavement in use else
where today. Raveling and rounding of the 
edges of the cracks have, in extreme instances, 
been sufficient to produce a surface width of 
0.2 in. By contrast, cracks in the intermedi-
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long sections the crack interval is frequentiy 
less than 2 f t . I t is also observed that the 
cracks are virtually transverse in character 
but, m many instances, are not continuous 
across both lanes, being offset slightly at the 
longitudmal joint. Moreover, longitudinal 
crackmg has not developed in any of the 
sections. 

Referring to the present width and condition, 

ate-length sections remforced with i-m. 
diameter sted bars and the heavier welded 
fabric present a better surface appearance. 
Raveling is not as pronounced and conse-
quentiy the surface width of these cracks has 
been greatly reduced. I n the long sections 
reinforced with j - and 1-in rail and billet steel 
bars the cracks are extremely fine, b m g dis
cernible only on dose mspection. Raveling 
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and rounding of the edges of these cracks are 
practically microscopic At present there is 
no evidence of disintegration of the concrete 
in the immediate vicinity of any of the cracks; 
nor have the cracks opened sufBcientiy to 
indicate failure of the steel crossing them 

Examination of the cracks at the edge face of 
the pavement revealed that the crack width as 
observed at the pavement's upper surface may 
be many tunes the actual width of the crack 
that exists a short distance below the surface. 
This condition was found to be especially true 
in the lightiy reinforced sections. At the end 
of five years, a few crack-width measurements 
were made with a special measuring micro-
scope at the edge face of pavement where the 
crack widths appeared to be unaffected by 
chipping or raveling. The widths thus deter
mined were found to be 0.009,0 003 and 0.002 

MCNDOr 

Figure 7. Relation Betireen Length of Section 
And Average Slab Length 

in. respectively m sections containmg the 
hghtest weight reinforcement (32-lb wire 
fabric), i-iQ diameter bars and 1-in. diameter 
bars 

Comparison of the sections of Figure 6 indi
cates the existence of a relationship between 
length of section and average slab length 
(average distance between transverse cracks). 
The relationships that obtained at the end of 
the first and fifth years of the life of the pave
ment are shown m Figure 7. The data for all 
of the experimental sections for each of the 
three types of remforcement are included m 
this figure, each value being the average of 
either 2,4 or 6 sections. For clarity in presen
tation, the mdividual values that determine 
the first year relation are omitted from the 
graph 

The pomts definmg the 5-yr. curve are some
what erratic for sections up to approximately 

300 f t long This effect is statistical, being 
caused by the small amount of cracking and 
the fact that each value is based upon a hmited 
number of sections Nevertheless, i t is be
lieved that the curves adequately indicate the 
relations between length of section and aver
age slab length. 

A t the end of the first year very little crack
ing was found in sections having lengths of 140 
f t . or less I n sections longer than 140 f t . 
cracking occurred and, as evidenced by the 
curve, the average slab length decreased 
rapidly as the sections increased from 140 to 
approximately 250 f t . in length In sections 
having lengths greater than 250 f t the average 
slab length gradually decreased, approaching 
a constant value for the longer sections. For 
example, the average distance between trans
verse cracks for a 250-, 800- and a 1310-ft. 
section was respectively about 23,8.5 and 7 f t 
By the end of five years the longest average 
slab length as established by the curve had 
been reduced to 112 f t and the average dis
tance between cracks for the 250-, 800- and 
1310-ft. section had been respectively reduced 
to 20,6 5 and 5 f t . 

In Figure 8 is shown the distnbution of 
cracking for representative sections expressed 
as the number of cracks per 50-ft. of section 
length I t is observed that - (1) the number of 
cracks per 50-ft. mcrement mcreases from a 
mmimum value at the end of a section to a 
maximum value in the central area in a normal 
frequency distnbution; and (2) the maximum 
central area values of the sections, included in 
the figure, progressively increase with increase 
in section length. 

Continuing the discussion of the latter re
lation of the preceding paragraph, i t was found 
that the average distance between cracks for 
the central 400 f t . of a 1310-ft. section (not 
shown in figure) was equal to that of a corre
sponding length of the 1070-ft section. Be
cause of this similarity i t might be suggested 
that the central crack pattern of these sections 
is representative of the cracking that would 
develop in even longer smularly reinforced 
sections or, perhaps, reinforced pavement of 
mfinite lengtii. However, i t must be kept m 
muid that although the central portion of the 
1070- and the 1310-ft. sections may be com
pletely restrained for daily and short-term 
temperature drops, considerable freedom of 
movement is permitted these areas during an 
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annual temperature drop; whereas, compar
able freedom of annual movement would not 
be expected to exist in continuously reinforced 
pavement of infinite length. 

The manner m which cracking developed m 
the sections during various periods is also 
shown in Figure 8. The first period shows the 
magnitude and distribution of crackmg that 
appeared within approximately one month 
after construction of the experimental sections. 

The second penod covers the first winter 
after construction. The survey at the end of 
the wmter showed that crackmg did not appear 
in sections less than 270 f t . long and only a 

.small amoimt, spottily distributed, developed 
in sections having lengths equal to or greater 
than 270 feet. The absence of craddngdurmg 
this period has two important implications, 
nam^y: (1) the nonuniform changes in pave
ment elevation caused by frost penetration of 
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Figure 8. Distribution of Cumulative Cracking Per SO Feet Of Section Length—First 5 Years 
Of Pavement Life 

Durmg this nme cracking did not develop in 
sections having lengths less than 270 f t and 
only a limited amount occurred m the central 
portion of the 270-, 330- and 360-ft sections 
while considerable cracking developed at some 
distance from the ends of the 600- and 1070-ft. 
sections Tensile stresses originating from 
resistance offered by the subgrade were prob
ably the pnmary cause of cracking during this 
period 

the subgrade apparentiy had httle if any influ
ence upon cracking, and (2) tensile stresses 
originating from subgrade resistance evidentiy 
were less dunng the wmter period than they 
were durmg the preceding fall. This latter 
imphcation is m support of the conclusion 
derived from the data of Figure 4 

I n the period between late March and Octo
ber of the first year, considerable change oc
curred in all of the sections. I n fact, a large 
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percentage of the cracks now present in sec
tions havmg lengths less than 360 f t . and in 
the end areas of longer sections developed 
sometime dunng this penod The cracbng 
that appeared in short sections and in the end 
areas of intermediate-length and long sections 
was probably caused primanly by warping 
stresses and apparentiy occurred dunng the 
late spnng and early summer when warping 
stresses are high The cracking that devel
oped at some distance from the ends of the 
mtermediate-length and long sections was 
probably caused by the stress combinations 
existent in late summer and early fall when the 
sections were contractmg after havmg attamed 
their maximum annual unrestramed lengths. 

Figure 9. Present Condition Of: A, Typical 
Crack Over Submerged Parting Strip; B, 

T^ical Weakened-Plane Joint With 
Surface Groove 

During the fourth period, which covers the 
second and third years after construction, the 
greatest concentration of cracking developed 
in the interior portion of the 1070-ft section. 
The fifth penod includes the fourth and fifth 
years after construction and the small amount 
of cracking that appeared dunng this period 
signifies a great reduction in the rate of crack
ing. 

I t will be noted that the symmetry of crack
ing observed m the various sections is indica
tive of structural uniformity 

In connection with the study of cracking, an 
opportunity has been afforded to observe the 
effect of traffic on the development and con
dition of the cracks I t will be recalled that 
the experimental 2-lane pavement is one half 

of a divided highway, consequentiy, the nght-
hand lane cames tlie greater number of 
vehicles and practically all of the heavy trucks, 
the left-hand lane being used largely for pass
ing. A t the end of the first year 51 per cent 
of all cracks that had occiurred in the full 
length of the pavement appeared in the right-
hand lane. This percentage value at the end 
of the third and fifth years had increased to 52 
and 53 per cent respectively. Thus, i t appears 
that repetition of traffic loads is exerting a 
shght but only a slight influence on the devel
opment of transverse cracks. Since a large 
percentage of the cracks appeared dunng the 
first year, the effect of traffic repetition on 
subsequent cracking is more pronounced than 
is indicated by the precedmg percentage 
values. Specifically, of the cracks that oc
curred dunng the second and third years after 
construction, 57 per cent appeared in the nght-
hand lane This value was increased to 62 
per cent for the cracks that occurred during the 
fourth and fifth year penod Traffic has had 
an effect on the surface condition of the cracks 
also, those in the right-hand lane havmg 
raveled and rounded slightiy more than com
panion cracks in the left-hand lane. This 
effect IS almost imperceptible for cracks in 
sections reinforced with j and 1-m steel bars 
but is qmte conspicuous in the lightly rein
forced sections. 

SECnONS C O N T A I N I N G - W E A E E N E D - P I J A N B 

J O I N T S 

The four special 500-ft. sections containing 
plane-of-weakness jomts at 10-ft intervals 
have been subjected tp the same mtensive 
study as have the regular sections However, 
in this condensed report only the surface con
dition of these joints will be discussed 

Figure 9-A shows the present appearance of 
a crack which is typical of those that formed 
over the submerged grooves. These cracks 
are meandenng in character and have opened 
slightiy with the result that ravehng and chip-
pmg of the edges is quite obvious at the pave
ment's surface This condition developed 
rapidly after the cracks formed and dunng the 
last 2 or 3 years further impau:ment has been 
very gradual. 

The presrait appearance of a typical weak-
ened-plane jomt of the surface groove type is 
shown m Figure 9-B. At the end of five years 
the condition of these joints is so remarkably 
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good that resealing or maintenance has not 
been necessary. 

Although rdative roughness comparisons 
of the pavement's surface were not made 
mstrumentally at the end of five years, the 
riding quality of the sections containing both 
the submerged and surface type weakened-
plane joints has continued to remain very 
satisfactory. This characteristic belies the 
surface appearance of the cracks that formed 
over the submerged partmg strips. 

BXniMABT 

In this report the performance of the experi
mental sections has been traced through five 
years. 

I t has been shown that: (1) changes in pave
ment elevation have been small and there is 

nothing to indicate that these changes have 
affected the relationships established in this 
report; (2) excepting the very short sections, 
daily and annual changes in section length are 
not directly proportional to length of section; 
(3) the magnitude of the restramt offered by 
the subgrade is a function of the time in which 
a given temperature or moisture change 
occurs in the pavement; (4) mn,ximum tensile 
stresses or i^a t ing from subgrade restraint 
develop in tiie late summer and fall; (5) fre
quency of cracking increases with increase in 
section length; (6) surface appearance of 
cracks is a function of width and crack width 
decreases with mcrease in amount of longi
tudinal steel; (7) all of the cracks have re
mained so tightly dosed that they have littie 
if any structural significance. 

RIGID TYPE PAVEMENT JOINTS AND JOINT SPACING 
B T H. F. C L E U M E B , Engineer of Materials, 

District oj Columbia 

SYNOPSIS 
The Highway Department of the District of Columbia has investigated the 

movement of concrete pavements and ascertained i t to approximate that gen
erally assumed in theoretical design. I t has been found that the shrinkage of 
the concrete in setting \i-ill provide sufficient expansion space for pavements 
constructed during normal summer conditions, and that if planes of weakness 
are constructed at approximately 15 f t intervals a certain degree of dowdling 
across the joints will be maintained 

Expenment and expenence over ten years have proved that the division of 
concrete bases into slabs 12} f t . long will provide defimte control of cracking in 
sheet asphalt surfaces; the movement at any one joint being so slight as to be 
absorbed by the resilience of the bitununous surface. 

The Highway Department of the District of Columbia recommends the con
struction of reasonably short slabs, and when available the use of well distributed 
reinforcement, tie bars at all construction joints and load transfers across all 
transverse expansion and contraction joints. 

The rigid wartime curtulment m the use of 
cntical materials, particularly sted, has re
quired engineers to give particular considera
tion to design and construction methods to 
msure satisfactory and durable pavements 
when constructed with unrestricted materials 
Not only has i t been necessary to design and 
construct pavements without mesh or bar 
mat reinforcement, but i t has been necessary 
to design the jomts without load transfers 

or tie bars. This has made the use and con
struction of joints in concrete pavements and 
concrete pavement bases one of the most 
important of the design problems The study 
given this problem and reports of experiments 
and fidd surveys have brought out many 
facts applicable to the use of joints for postwar 
design when steel and other critical materials 
will again be available 

Concrete changes m volume with changes 




